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The metal content of some milk samples was analyzed from areas of acid 
sulphate soils along the course of the river Kyrönjoki in western Finland. 
Comparative analyses were made with samples from the Artjärvi-Porlammi 
area. The variations of analyzed metals AI, Ba, Ca, Cr, Cu, Fe, K, Mg, Mo, 
Na, Sr and Zn are not great in both areas except that of Al, which is clearly 
associated with the acid environment in the Kyrönjoki valley. The portions of 
these elements in milk are relatively high as compared with data from litera-
ture. It is obvious that they show environmental contamination. Under acid 
circumstances the metals in milk may create serious geomedical problems. 
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INTRODUCTION 
The main purpose of the present paper was to 
analyze the contents of certain metals in cow milk 
samples collected from farms which are situated 
in areas of acid sulphate soils along the course of 
the river Kyrönjoki in western Finland, southeast 
of the town of Vaasa (Fig. 1). The study is the late 
st in the series of investigations of the relationship 
between the prevalence of multiple sclerosis (MS) 
and acid geoenvironment (see Häsänen et al. 
1986). The toxicity of sulphate soils seems to 
be a risk factor for human health in the drainage 
basin of the river Kyrönjoki, where the preva-
lence figures of this disease in some communes 
are very high (Häsänen et al. 1986: 264). Some 
raw milk samples were also collected from the 
low-prevalence area of Artjärvi-Porlammi in 
southern Finland for comparison. 32 Pentti Alhonen et al. 
Fig. 1. A map showing the location of the river 
Kyrönjoki drainage basin (I) and the reference area 
of Artjärvi-Porlammi (2). 
The metal content of milk and dairy products 
has been studied to some extent in Finland (e.g. 
Antila and Antila 1971; Varo et al. 1980). The 
samples were collected from dairies representing 
the most important production areas in Finland. 
The analytical list published by Varo et al. (1980: 
Table 1) covers almost all metals analyzed in 
this study with exception of Ba, Na and Sr. 
However, environmental contamination caused 
by metals in Finnish raw milk has not been 
studied extensively, and the influence of the 
chemical elements of sediments in the food chain 
on milk is insufficiently known. Certain geologi-
cal deposits such as till, sand, silt, clay and peat 
form an important source of metals for different 
kinds of food, and the problem is very likely 
connected with their geochemistry. 
Large areas in the Kyrönjoki valley are covered 
with fine-grained sulphide-bearing sediments. The 
contents of soluble elements in these Litorina 
clays are high and they have caused, due to 
intensive land use, problems to agriculture (e.g. 
Erviö 1975). In addition, the geochemical dif-
ference is most marked between the Litorina clay 
and the Yoldia or Ancylus clays (Salminen et al. 
1997). It should be also mentioned that the heavy 
metals are in a more soluble form in clays than 
e.g. in till. 
GEOLOGY OF THE STUDY AREA 
The drainage basin of the river Kyrönjoki covers 
4920 km2, of which 47 % is made up of forests, 
26 % of mires, 24 % of arable land, 2 % of built-up 
areas and 1 % of lakes (Heikkilä 1991). Svecofen-
nian plutonic rocks and schists are most common 
rock types in the area. The dominating superficial 
deposits are till, silt and clay. Glaciofluvial deposits 
are limited to near watersheds. Raised bogs are the 
dominant mire type. Flood deposits and sulphide 
clays formed in the pre-Baltic Litorina Sea (7500-
about 3000 B.P.) are also common. 
The water of the river Kyrönjoki has a high 
humus content due to drainage from extensive mire 
areas. Besides, the river water is exceptionally acid. 
Its pH is usually about 5.5, but can frequently fall 
below 4.0 (Heikkilä 1991). High sulphate, iron and 
aluminium concentrations have been measured in 
the water of the river Kyrönjoki (Häsänen et al. 
1986). Its quality is poor and experimental studies 
have shown that a high portion of the extractable 
contents of several elements is mobilized at oxi-
dation (Åström 1996). Likewise, the soils in its 
environment have high contents of these chemical 
elements and compounds.lt is also worth mention-
ing that drainage of peatlands has increased the 
erosion and the organic matter of the river Kyrön-
joki. 
Clay covers about 43 % of the surface sedi-
ments in the reference area of Artjärvi-Porlammi. 
On the slopes, the varved clay deposited in the 
Baltic Ice Lake forms the topmost soil layer, 
whereas in flat basins the surface soil is composed 
of younger homogeneous clays. These were de-
posited in the Yoldia Sea and the Ancylus Lake in 33 Pentti Alhonen et al. 
the history of the Baltic (Tynni et al. 1976). The 
pastures in this reference area are situated on 
these sediments, in which the Ancylus clays 
seem to be very common. 
MATERIAL AND METHODS 
Milk samples were collected from 5 farms situated 
in the communes of Isokyrö and Ylistaro in the 
Kyrönjoki valley on 4 September 1991, when ani-
mals were still being pastured. The other series of 
milk samples were collected from the same farms 
in February (1992) during the indoor feeding of 
the cows. Similarly, two mixed milk samples for 
comparison were analyzed from the farms situated 
in the parishes Artjärvi and Porlammi in southern 
Finland. The fodder used during the winter origi-
nated mainly from fields of the same area. 
The analyses were made from frozen-stored 
milk at the Geochemical Laboratory, Department 
of Geology, University of Helsinki (Dr. Antti Vuor-
inen) as follows: 200 g of milk was evaporated on 
water bath in Teflon dishes, and the residues were 
homogenized. Thereafter, 5 g of the sample was 
weighed into a flat bottom flask, 3 ml of 100 % 
nitric acid (Merck No. 4S5) was added, and the 
sample was heated gently on a hot plate. This 
procedure was repeated with a new portion of nitric 
acid until the sample was decomposed. Five ml of 
65 % nitric acid (Merck, suprapur, No. 847) was 
added, the solution was diluted with 15 ml of 
double-destilled water, filtered with filter-paper 
(Schleicher & Schull, No. 597) and decanted into 
a volumetric flask of 50 ml. 
Chemical analyses were accomplished by in-
ductively-coupled plasma emission spectrome-
try (Jobin Yvon 70+). The total concentrations 
were determined for AI, Ba, Ca, Cr, Cu, Fe, Kl, 
Mg, Mo, Na, Sr and Zn. 
RESULTS 
The variations in the concentrations of analyzed 
metals are shown as histograms in Figs 2-13. The 
iron content fluctuated from 345 pg/kg to 680 
pg/kg in the outdoor feeding samples (the indoor 
feeding samples contained 190-660 pg/kg, Fig. 2). 
Aluminium shows the highest concentration (2390 
pg/kg) in sample 5 for the outdoor feeding season 
in the Kyrönjoki valley, whereas the Al values in 
the samples from Artjärvi-Porlammi area are very 
low (Fig. 3). The zinc content is higher in the 
indoor feeding samples from the Kyrönjoki valley. 
The highest Zn value was found in an outdoor 
feeding sample (5035 pg/kg) from the reference 
area (Fig. 4). 
Fig. 5 shows the molybdenum content of milk 
samples. The Mo values have a maximum in the 
Kyrönjoki area (sample 5 for indoor feeding). The 
chromium concentrations are generally low. How-
ever, in sample 5 from the Kyrönjoki valley there 
is a clear maximum of 80 pg/kg in the indoor 
feeding samples while the highest concentration in 
the outdoor feeding samples is from the reference 
area (Fig. 6). The values obtained for the Cu 
content show a maximum in both outdoor and 
indoor feeding samples (Fig. 7). 
Sodium and potassium show quite similar fig-
ures in the milk samples from farms of both areas. 
The values for the pasture season are higher in the 
reference area of Artjärvi-Porlammi than in the 
Kyrönjoki valley (Figs 8 and 9). The magnesium 
content in the milk samples from both areas is low. 
However, in sample 8 there is an outdoor maxi-
mum value of 934 pg/kg (Fig. 10). The concen-
trations of calcium were higher in the indoor feed-
ing samples than in that of the outdoor feeding 
samples from the Kyrönjoki valley. Ca levels in 
the reference area show higher values during the 
pasture season (Fig. 11). The barium content of 
the milk samples representing the outdoor feeding 
varied between 28-280 pg/kg. Sample 8 shows 
the maximum value in the Artjärvi-Porlammi area 
(Fig. 12). The limits of variation of strontium 
content were 220-768 pg/kg for outdoor and 373-
1180 pg/kg for indoor feeding milk samples in the 
Kyrönjoki area. The maximum Sr value in the 
reference sample 8 was 1200 pg/kg (Fig. 13). 34 Pentti Alhonen et al. 
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Fig. 2. Iron content of analyzed milk samples. 1= outdoor feeding, 2= indoor feeding. 
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Fig. 4. Zinc content of analyzed milk samples. 
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DISCUSSION AND CONCLUSIONS 
The soils of the study areas consist of clayey 
sediments that were deposited in the Kyrönjoki 
valley in the Litorina Sea and in the Artjärvi-
Porlammi area during the lacustrine stage of the 
Ancylus Lake. It is obvious that they form an 
inportant source of metals in milk samples stud-
ied. The Kyrönjoki area is of special interest 
because of its sulphate soils (see e.g. Purokoski 
1958, Erviö 1975, Mansikkaniemi 1985 and 
Åström and Björklund 1996). They are charac-
terized by low pH, high sulphur, iron and alu-
minium concentrations. 
Stream and lake water chemistry is clearly 
controlled by the acid geochemical environment. 
Elevated concentrations of sulphate, iron, alu-
minium and other toxic metals have been meas-
ured in the water of the river Kyrönjoki (Verta 
1984, Eden and Björklund 1993, Lahermo et al. 
1995 and Åström and Björklund 1996). Strong 
acid and nutrient fluxes including heavy metals 
occur during snowmelt in the area (Meriläinen 
1986, Eden and Björklund 1993 and Kuula 
1995). This can partly be explained by the sul-
phide-bearing clays, and when Holocene uplift 
of land and ditching by man bring large areas 
of sulphide clays into the oxidation zone, sul-
phate soils are produced and metals are more 
easily leached (Björklund 1994). As far as alu-
minium is concerned its mobilization is control-
led by both high humus content and low pH. In 
acid environment the toxic forms of Al can be 
very harmful (Lahermo et al. 1995). 
The variations of metal content in the milk 
samples from the areas of the Kyrönjoki and 
Artjärvi-Porlammi are not significant except 
those of aluminium. Its elevated concentrations 
are most probably associated with the acid 
geoenvironment in the Kyrönjoki valley. In ad-
dition, the values of zinc are higher in the sam-
ples of the indoor feeding, which obviously is 
related to the composition of fodder. 
The metal concentrations in our study are 
relatively high as compared with data from the 
literature (e.g. Varo et al. 1980 and Bliithgen et 
al. 1997). Soil is a natural reservoir from which 
most of the elements are derived. It is also a 
source of environmental contamination in the 
food chains. Thus in an acid geoenvironment 
such as the Kyrönjoki valley certain elements 
with elevated concentrations are contaminants in 
milk. 
As stated by Häsänen et al. (1986) low soil 
pH and high concentrations of soluble iron, zinc, 
chromium and especially aluminium are associ-
ated with a high MS prevalence in the Kyrönjoki 
area. Thus the toxic metals in milk as well as 
in potatoes, cereals, vegetables etc. can be added 
to the source list of this disease. Acid areas, such 
as the drainage basin of the river Kyrönjoki, 
constitute a local risk factor of multiple sclerosis 
(see Irvine et al. 1993). Thus it is probable that 
in an acid environment the contamination of 
milk by metals and other trace elements can be 
a serious geomedical problem. 41 Pentti Alhonen et al. 
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